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ABSTRACT
Shrinkage cracking is commonly observed in concrete flat structures such as highway pavements,
slabs, and bridge decks. Crack spacing due to shrinkage has received considerable attention for many
years [1-3]. However, some aspects concerning the mechanism of crack spacing still remain un-clear.
Though it is well known that the interval of the cracks generally falls with a range, no satisfactory
explanation has been put forward as to why the minimum spacing exists.
To answer this question, it must be recognized that crack spacing is due to the interaction of the
strain softening of the concrete and the restraint to concrete cracking provided either by the
reinforcement or friction. On the meso-scale level, the deformation pattern is dominated by concrete
softening characteristics that cause the damage to localize into a distinct crack; whereas on the
macro-scale, the deformation pattern is determined by the reinforcement hardening, which inhibits
the unloading spreading too far and causes crack spacing to form. It is the energy minimization
principle that governs the crack opening (localization) and position.
This paper presents a numerical model to predict crack spacing in reinforced concrete slabs due to
shrinkage. Instead of pre-assuming the crack positions, this model assumes that the structure should
follow the deformation pattern that consumes the least energy. The energy minimization principle
determines where and when the crack arises and how it propagates. To simplify the problem, a lattice
model is adopted. The continuum reinforced concrete is discretized into a lattice model. The cracking
process and fracture are simulated by strain softening and fracture of lattice members. The influence
of the friction of the soil sub-grade is discussed.  In order to account for the influence of the bond slip
between the concrete and the reinforcing steel, the traditional bond-link element is used.  The
influence of the bond slip on the cracking patterns have been studied through numerical examples.
The important result is that crack spacing is predicted within a continuum formulation. The energy
criterion is validated over the classical tangent stiffness equilibrium approach. Minimization rather
than tangent stiffness is essential to predict crack spacing, as distinct from a distributed pattern.
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